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Spencer, Caroline E. M.S., Purdue University, August 2013. Preschool Language and 
Phonological Proficiencies in Predicting Stuttering Recovery or Persistence. Major 
Professor: Christine Weber-Fox 
The purpose of this study was to investigate the relationship between expressive 
and receptive language, phonological, and verbal working memory proficiencies in the 
preschool years and eventual recovery from or persistence in stuttering.  Participants 
included 40 children who stutter (CWS).  At ages 3-5 years, participants were 
administered the Test of Auditory Comprehension of Language, 3rd edition (TACL-3), 
the Structured Photographic Expressive Language Test, 3rd edition (SPELT-3), Bankson-
Bernthal Test of Phonology—Consonant Inventory subtest (BBTOP—CI), Test of 
Auditory Perceptual Skills—Revised (TAPS—R) auditory number memory and auditory 
word memory subtests, and the Dollaghan & Campbell Nonword Repetition Test (NRT).  
Stuttering behaviors were tracked in subsequent years, forming groups of children whose 
stuttering eventually persisted (CWS-Per; n=18) or recovered (CWS-Rec; n=22).  
Proficiency scores in morphosyntactic skills, consonant production, verbal working 
memory for known words, and phonological working memory for novel sequences 
obtained at 3-5 years of age were analyzed according to these groups.  Results indicated 
that the major linguistic proficiency indices of eventual recovery or persistence of 
stuttering were related to phonological processing.  Specifically, compared to CWS-Rec, 
CWS-Per were less proficient in measures of consonant production and repetition of 
novel phonological sequences.  In contrast, receptive and expressive language 
proficiencies, as well as verbal working memory abilities, were quite similar for the two 
groups, though lower scores in expressive language abilities for CWS-Per neared 
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statistical significance.  These findings strongly suggest that phonological abilities in the 
preschool years should be taken into account as part of a comprehensive assessment for 





Stuttering has long been a challenge to characterize, as clinicians, researchers and 
theorists have attempted to explain such a heterogeneous and complex phenomenon.  
Wingate (1964) described stuttering as “a disruption in the fluency of verbal expression,” 
focusing on the sound repetitions or blocks present in the speech of a person who stutters.  
Another common definition similarly identifies stuttering as a disruption in the rhythm of 
speech, but also stresses that stuttering occurs involuntarily, even when the speaker 
knows precisely what he or she wishes to say (World Health Organization, 1977).  Still 
others have emphasized that a listener’s perception of a disfluent moment does not 
address the vastly complex nature of stuttering; emotions and thoughts underlying 
stuttering also greatly influence a person’s fluency (Sheehan, 1970). 
Just as various characterizations of stuttering have been proposed, the etiology of 
stuttering has also been debated.  Some researchers have cited differences in cerebral 
dominance (Orton, 1928; Travis, 1931), impaired monitoring of errors in phonological 
encoding (Kolk & Postma, 1997), or motor dissynchronies (Perkins, Kent, & Curlee, 
1991) as the underlying cause of stuttering.  Other researchers have more recently argued 
that such theories only address elements of the disorder in isolation, and ultimately 
cannot singly account for the variation in behaviors and environmental effects that all 
seem to influence stuttering.  Instead, experts have begun to adopt the concept that 
stuttering is multifactorial, positing that the interactions among psycholinguistic, 
neurophysiologic, motor speech, genetic, emotional, and environmental factors all 
influence a person’s fluency (Smith & Kelly, 1997).   
An extensive body of literature exists regarding the nature of stuttering from early 
childhood through adulthood, examining the differences and similarities between persons 
who stutter and persons with normal fluency (see Bloodstein & Bernstein Ratner, 2008; 
2 
 
Yairi & Ambrose, 2005 for review).  More recent studies have turned to comparing 
children whose stuttering becomes persistent with children who eventually recover from 
stuttering.  Estimates of recovery rates in young children who stutter (CWS) have been 
reported as low as 36% and as high as 79% (Bloodstein & Bernstein Ratner, 2008).  
Wingate (1976) estimated that 43% of individuals who stuttered in childhood would 
recover by age 14, while Yairi and Ambrose (2005) reported recovery rates for 2-5 year 
old CWS of approximately 65%.   
 
Predictive Factors of Stuttering Outcome 
Despite conflicting data on the true prevalence of recovery, the very fact that 
some children recover from their stuttering while others do not raises some critical 
questions (Subramanian, Yairi, & Amir, 2003; Chang, Erickson, Ambrose, Hasegawa-
Johnson, & Ludlow, 2008).  Clinically, it is greatly important to reliably predict from an 
early age which CWS will recover and which will continue stuttering (Watkins & Yairi, 
1997; Yairi, et al., 1996).  It is not financially nor practically feasible to treat every child 
who begins to stutter, yet early intervention has consistently been demonstrated to benefit 
the child, both by improving fluency strategies and providing emotional support 
(Subramanian, Yairi, & Amir, 2003).  Furthermore, if a factor or combination of factors 
can easily and accurately predict the outcome of stuttering from an early age, intervention 
can be targeted to the children most at risk for persistence (Yairi, et al, 1996).  In addition, 
differentiating between children whose stuttering will recover (CWS-Rec) and children 
whose stuttering will persist (CWS-Per) bears significance for research.  Including CWS-
Rec with CWS-Per in a single “stuttering” experimental group may ignore potential 
differences between groups and introduce confounding variables, which may 
subsequently lead to inaccurate experimental interpretations and conclusions.   
 
Nonlinguistic Factors 
To date, only limited research has specifically investigated factors that relate to 
eventual recovery from developmental stuttering.  Much of the current information about 
predicting recovery status resulted from The University of Illinois Stuttering Research 
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Project.  Yairi and Ambrose (1999) reported that, close to the onset of stuttering, there are 
approximately twice as many males as females who stutter.  However, empirical evidence 
has shown that many more females than males recover from stuttering (Ambrose, Cox, & 
Yairi, 1997), resulting in a ratio of 4-5 adult males who stutter for every female.  Family 
history has also been shown to play a role in determining stuttering outcome, as genetic 
research has indicated that CWS whose family members exhibited persistent stuttering 
were also more likely to persist (Ambrose, et al., 1997; Kidd, Heimbuch & Records, 
1981).  Additionally, Yairi, et al. (1996) observed that, as a group, CWS-Per were 
slightly older at the time of stuttering onset than CWS-Rec.  This difference was nearly 
statistically significant (p=0.059), and the authors suggested that it might contribute to 
predicting eventual recovery status. 
Recently, research has expanded to examine neurophysiologic factors that may 
hold predictive value for stuttering recovery.  Chang, et al. (2008) observed reduced gray 
matter volume in the left hemisphere for CWS, ages 9-12 years, as compared to children 
who do not stutter (CWNS).  Furthermore, fractional anisotropy in left hemisphere white 
matter tracts underlying speech systems was reduced in CWS-Per, as compared to CWNS 
and CWS-Rec.  These results suggest that neural connectivity may differentiate between 
persistent and recovered stuttering.  The authors note that more extensive research is 
needed to ascertain if these differences are apparent near stuttering onset and, thus, 
contribute to predicting eventual fluency status.  
 
Language Aspects 
Additionally, linguistic factors have been discussed in relation to stuttering.  
Researchers have long discussed a potential link between stuttering and language 
development, noting that the onset of developmental stuttering typically occurs during the 
preschool years, a period also marked by a rapid expansion of linguistic skills (Bloodstein 
& Bernstein Ratner, 2008; Watkins & Yairi, 1997; Yairi & Ambrose, 2005).  Multiple 
studies have shown that disfluency is exacerbated when a person who stutters is required 
to produce syntactically complex utterances (Gaines, Runyan, & Meyers, 1991; Logan & 
Conture, 1995; Bernstein Ratner & Sih, 1987).  Furthermore, some researchers have 
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shown that CWS perform more poorly than CWNS on measures of language and 
articulation abilities (Anderson and Conture, 2000; Bernstein Ratner & Silverman, 2000; 
Ntourou, Conture, & Lipsey, 2011).  Alternatively, some researchers have argued that 
methodological differences, such as inconsistent testing materials across studies, as well 
as differences in inclusion criteria, such as socioeconomic status, may account for 
varying results (Bloodstein & Bernstein Ratner, 2008; Yairi & Ambrose, 2005).   
Moreover, language proficiency has been implicated in predicting the eventual 
course of stuttering; however, only a few studies have investigated such a relationship. 
Evaluation of language skills according to standardized testing has shown evidence of 
differential receptive and expressive language skills in CWS-Rec and CWS-Per.  Yairi, 
Ambrose, Paden, & Throneburg (1996) assessed receptive and expressive language 
development using the Preschool Language Scale (PLS) at the first study visit (near 
stuttering onset) and one year later. CWS-Per scored significantly lower than CWS-Rec 
on expressive and receptive language portions at both time periods.  However, nearly all 
scores were within the normal range, suggesting that subtle language differences may be 
present between CWS-Rec and CWS-Per, but these differences do not necessarily 
indicate language impairment (Yairi, et al., 1996). 
Analyses of language samples, however, have not revealed differences in 
expressive language for CWS-Per.  Yairi, et al. (1996) and Watkins, Yairi, & Ambrose 
(1999) revealed similar expressive language skills among CWS-Per, CWS-Rec, and 
normal controls in mean length of utterance in morphemes (MLU), number of different 
words (NDW), and developmental sentence score (DSS; a method of scoring 
grammatical accuracy and complexity of utterances) when evaluated near time of 
stuttering onset.  Watkins & Yairi (1997) reported greater variability among 
measurements of MLU, NDW, and number of total words (NTW) in speech samples of 
CWS-Per, as compared to those of CWS-Rec, but performance still fell within the 
average range for their age.  Based on these results, Watkins & Yairi (1997) and Watkins, 
et al. (1999) posited that persistent stuttering may not be characterized by overt language 
impairment, but that subtle differences in language abilities may exist.  Although no 
single measure of language skills was found to directly predict stuttering recovery, the 
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authors suggest the observed variability in language production measures indicates a 
possible underlying difference in language development between children with recovered 
versus persistent stuttering (Watkins & Yairi, 1997, Watkins, et al., 1999).  They 
concluded that further research is required to confirm the specific relationship between 
language and stuttering persistence or recovery. 
 
Phonological Aspects 
It has been reported that children who stutter have a high rate of concurrent 
phonological disorders (Paden, Yairi, & Ambrose, 1999; Yaruss, Lasalle, & Conture, 
1998), which suggests that a relationship between phonological skills and stuttering may 
exist.  For example, Louko, Edwards, & Conture (1990) observed a greater number of 
phonological processes in speech samples of CWS than CWNS when groups were 
matched for age.   On the other hand, Nippold (2002) reviewed 15 studies that addressed 
a possible interaction between stuttering and phonology, but did not find strong support 
for such a relationship.  
Despite conflicting data regarding the prevalence of concomitant phonological 
difficulties and stuttering, phonological skills have been implicated in predicting transient 
or persistent stuttering.  Yairi, Ambrose, Paden, & Throneburg (1996) demonstrated that 
the sequence of phonological development progresses normally in CWS, but that CWS-
Per tended to develop their phonology at a slower rate than controls and CWS-Rec.  
Paden and Yairi (1996) examined phonological abilities in more detail, and found that 
CWS-Per had significantly greater percent of phonological errors on the Assessment of 
Phonological Processes-Revised (APP-R) than their matched controls, whereas CWS-Rec 
did not differ from their control group. The authors emphasize, though, that while 
differences between persisting and recovered groups were apparent, phonological 
abilities varied widely within all groups.  In addition, phonological abilities of CWS-Per 
were within normal limits, indicating that persistent stuttering is not necessarily 
correlated with overt phonological impairment.  Paden and Yairi (1996) concluded that 
phonology may play a role in predicting eventual recovery or persistence, but should be 
considered in combination with other factors.   
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Verbal Working Memory 
Researchers have investigated components of verbal working memory abilities in 
CWS and CWNS (Bloodstein & Bernstein Ratner, 2008).  Moore, Craven, and Faber 
(1982) reported poorer word repetition and word recall after auditory presentation in 
people who stutter.  In contrast, Carpenter and Sommers (1987), observed similar word-
level auditory memory abilities in people who stutter and normally fluent controls.  Based 
on these conflicting results, the relationship between verbal working memory and 
stuttering is unclear (Bajaj, 2007).   It is also unknown what influence, if any, verbal 
working memory has on recovery from stuttering, as no research on this subject is 
available in the current literature.  
 
Phonological Working Memory 
Phonological working memory, a component of verbal working memory, has 
been studied utilizing nonword repetition tasks (NRTs) (Deevy, Weil, Leonard, & 
Goffman, 2010; Dollaghan & Campbell, 1998; Gathercole, 2006; Gathercole & Baddeley, 
1990).  It is hypothesized that NRTs uniquely assesses phonological working memory by 
requiring the listener to store the phonemes heard, retrieve them from memory, and 
produce the nonsense word (Gathercole & Baddeley, 1990).  More recent research has 
emphasized the complexity of a seemingly simple task.   Not only does nonword 
repetition enlist phonological memory skills, but it also recruits auditory processing, 
phonological representation and analysis, and speech motor planning components 
(Gathercole, 2006; Rispens & Baker, 2012).  
Nonword repetition is well documented to successfully identify children with 
specific language impairment (Deevy, Weil, Leonard, & Goffman, 2010; Dollaghan & 
Campbell, 1998).  Recently, several studies have also investigated nonword repetition 
performance in children who stutter, positing that these tasks may be more sensitive in 
identifying differences in language abilities in children who do and do not stutter a study 
of children ages 4 to 8 years old, Hakim and Bernstein Ratner (2004) observed less 
accurate performances of children who stutter, as compared to their normal controls.  
Anderson, Wagovich, & Hall (2006) investigated nonword repetition abilities in children 
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ages 3;0 to 5;2.  In this study, both CWS and CWNS achieved scores within the normal 
range on standardized tests of expressive and receptive vocabulary and language, but 
differed significantly on 2- and 3-syllable nonwords in the children’s test of nonword 
repetition (CNRep).  In analyzing correlations between CNRep and standardized test 
scores, no significant correlations were observed between nonword repetition and any of 
the language tests for normally fluent children; however 3- and 5-syllable, as well as 
overall nonword repetition were significantly correlated with GFTA-2 scores in children 
who stutter (Anderson, Wagovich, & Hall, 2006).  This finding provides evidence that a 
difference in nonword repetition skills exists in children who stutter compared to 
normally fluent peers, even when language skills are within normal limits (Anderson, 
Wagovich, & Hall, 2006).   
In contrast, other experiments have found no evidence of compromised nonword 
repetition abilities.  Weber-Fox, Spruill, Spencer, & Smith (2008) and Seery, Watkins, 
Ambrose & Throneburg (2006) reported no difference in nonword repetition performance 
between older school-age CWS and CWNS.  Additionally, Smith, Goffman, Sasisekaran, 
& Weber-Fox (2010) did not find significant differences in NRT abilities in preschool 
CWS and CWNS who also had language abilities within normal limits.  In the same study, 
CWS who also had a phonological delay performed more poorly on the nonword 
repetition task than those with normal phonological skills, and CWS with a concomitant 
language delay performed more poorly than all of the other groups.  Smith, et al.’s study 
included a rigorous testing battery, and groups were matched for socio-economic status, 
whereas previous studies included less stringent matching criteria between CWS and 
CWNS.  These criteria may account for the results that differed from previous studies.   
Only one previous study has examined nonword repetition in relation to stuttering 
persistence and recovery.  Chon and Ambrose (2007) assessed nonword repetition ability 
in 10- to 13-year old children with recovered versus persistent stuttering.  In this 
preliminary study, CWS-Per and CWS-Rec did not differ in percent of vowels correct or 
percent of consonants correct, suggesting that nonword repetition abilities do not 
differentiate recovered and persistent stuttering.  However, the persistent group contained 
only five participants; results may differ with a larger sample size.  Furthermore, both 
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CWS-Rec and CWS-Per achieved high accuracy, performing at ceiling.  A more 
challenging task for these older children may be required to accurately assess their 
nonword repetition abilities.  Or, perhaps the differences in nonword repetition ability 
observed at a young age are developmental, and are resolved by the later school-age 
years.  While this study sheds light on the nature of phonological working memory 
abilities after stuttering outcome has been determined, it does not address potential 
similarities or differences before recovery status is known.  To date, researchers have not 
yet investigated nonword repetition in preschool age children, so its value in predicting 
stuttering persistence or recovery is still unknown.   
 
The Current Focus 
Empirical evidence has demonstrated that stuttering is tightly coupled with 
linguistic skills, and there are indications that expressive and receptive language 
development, as well as phonological and verbal working memory proficiencies, may 
play a role in stuttering.  If so, the question arises whether language and phonological 
proficiencies also play a role in the recovery or persistence of stuttering.  Moreover, can 
measures of linguistic and phonological proficiencies be utilized to predict the eventual 
recovery or persistence of stuttering?  The purpose of the current study was to investigate 
the relationships between indices of expressive and receptive language, phonological, and 
verbal working memory proficiencies and the eventual persistence or recovery in children 
diagnosed as stuttering in the preschool years.  The study included behavioral testing 
designed specifically to assess morphological and syntactic components of receptive and 
expressive language proficiency.  In addition, phonological abilities, verbal working 
memory for words and phonological working memory for nonwords were evaluated.  By 
utilizing a comprehensive assessment of a range of linguistic, phonological, and verbal 
working memory skills, the current study aimed to elucidate the potential relationship 





Forty children, ages 3;9 to 5;8 at initial visit, were included in this study.  These 
participants were part of a larger longitudinal study that included two data collection 
sites:  Purdue University and the University of Iowa.   
All included participants demonstrated normal hearing on a hearing screening at 
250, 500, 1000, 2000, 4000, 6000, and 8000 Hz at 20 dB HL.  All children had normal or 
corrected to normal vision, spoke English as their primary language, and had no history 
of neurological problems according to parent report.  Three participants were placed on 
medication for attention-deficit hyperactivity disorder at a later point in time, but were 
not taking medication at time of initial testing. 
During their initial visit, participants were evaluated by a speech-language 
pathologist. The current study included those children diagnosed as children who stutter 
(CWS) according to the diagnostic criteria established by Yairi and Ambrose (1999).  
These criteria included that the child:  (1) was regarded by his/her parents as having a 
stuttering problem, (2) was regarded by a project speech-language pathologist as having a 
stuttering problem, (3) was rated by either a parent or the project speech-language 
pathologist as having a stuttering severity of 2 or higher on an eight point scale 
(0=normal to 7=very severe), and (4) exhibited at least three stuttering-like disfluencies 
(SLDs) per 100 syllables of spontaneous speech obtained during two language samples.  
For the purpose of this study, SLDs included part-word repetition, monosyllabic word 
repetition, and disrhythmic phonation (sound prolongations, silent blocks, broken words, 




Formation of Two Groups for Comparison 
In this preliminary report, each child was followed for 12-48 months 
(mean=34.50, SD=12.80) after the first study visit and until age 5;7-9;10 (mean=7;7, 
SD=14.68 months).  According to Yairi and Ambrose (2005), recovery rates of children 
decrease as age increases; that is, the longer the child is classified as stuttering, the less 
likely he or she is to recover.  Ages at most recent study visit and recovery status for all 
participants are reported in Table 1.  Two spontaneous speech samples, as well as 
clinician and parent ratings were obtained at each annual visit, and the participants’ 
fluency was reassessed.  Based on previous literature (Yairi and Ambrose, 2005), it was 
predicted that approximately half of the children who exhibited stuttering during 




Table 1. Recovery statuses of participants 
Participant Latest Study Visit Recovery Status Age at Latest Study Visit 
1 Year 4 Recovered 8;7 
2 Year 3 Recovered 6;8 
3 Year 5 Recovered 9;5 
4 Year 5 Recovered 8;3 
5 Year 5 Recovered 8;8 
6 Year 5 Recovered 8;10 
7 Year 4 Recovered 7;3 
8 Year 4 Recovered 7;7 
9 Year 4 Recovered 7;2 
10 Year 4 Recovered 7;10 
11 Year 3 Recovered 7;0 
12 Year 5 Recovered 8;0 
13 Year 5 Recovered 8;10 
14 Year 3 Recovered 6;10 
15 Year 5 Recovered 8;2 
16 Year 5 Recovered 9;2 
17 Year 5 Recovered 8;4 
18 Year 5 Recovered 8;7 
19 Year 4 Recovered 7;7 
20 Year 3 Recovered 6;7 
21 Year 3 Recovered 6;7 
22 Year 3 Recovered 6;2 
23 Year 5 Persisting 8;4 
24 Year 5 Persisting 8;3 
25 Year 5 Persisting 8;1 
26 Year 3 Persisting 6;11 
27 Year 3 Persisting 7;1 
28 Year 3 Persisting 6;5 
29 Year 2 Persisting 6;11 
30 Year 5 Persisting 9;1 
31 Year 5 Persisting 9;10 
32 Year 3 Persisting 6;1 
33 Year 5 Persisting 9;7 
34 Year 3 Persisting 6;2 
35 Year 2 Persisting 6;0 
36 Year 2 Persisting 5;8 
37 Year 2 Persisting 5;7 
38 Year 4 Persisting 9;10 
39 Year 3 Persisting 6;10 
40 Year 3 Persisting 6;9 




Criteria for Recovery 
A participant was classified as recovered if the following criteria were met:  (1) 
the project speech-language pathologist judged that the child did not exhibit stuttering; 
(2) the project speech-language pathologist rated stuttering severity as less than 2 (on an 
eight point scale); (3) parent judged that the child did not exhibit stuttering; (4) parent 
rated stuttering severity as less than 2; and (5) stuttering-like disfluencies occurred fewer 
than 3 per 100 syllables in the spontaneous language samples.  The participants who 
demonstrated these criteria for recovery were included in one experimental group (CWS-
Rec), while those who exhibited persistence in stuttering were included in a second 
experimental group (CWS-Per).  At the conclusion of the current study 22 participants 
recovered from stuttering, while the remaining 18 persisted in stuttering.   
 
Nonlinguistic Factors: Inclusionary and Matching Criteria 
It is well known that nonlinguistic factors such as nonverbal reasoning, age, and 
socioeconomic status (SES) can affect language skills (Hoff-Ginsberg, 1998). Therefore, 
the group means for CWS-Rec and CWS-Per were matched closely across age, nonverbal 
reasoning abilities, as indexed by the Columbia Mental Maturity Scale (CMMS; 
Burgemeister, Blum & Lorge, 1972), and SES, estimated based on the mother’s highest 
level of education (Hollingshead, 1975).  Mean age of CWS-Rec was 53.82 months (4;6), 
and mean age of CWS-Per was 56.72 months (4;9), shown in Table 2.  ANOVA results 
indicated that groups were not significantly different in age (F(1, 38) = 2.199, p = 0.146), 
shown in Table 3.  Additionally, SES was not significantly different between groups, as 
average SES for CWS-Rec was 5.91 and for CWS-Per was 5.53 (F(1, 38) = 1.297, p = 
0.262).  Finally, groups were matched according to nonverbal reasoning ability, as the 
average CMMS scores were 108.95 (SD=10.16) for CWS-Rec and 108.18 (SD=8.98) for 
CWS-Per (F(1, 38) = 0.058, p = 0.810).  Furthermore, all participants included in this 
study demonstrated CMMS scores within normal limits, so as to eliminate any possible 
confounding effects of reduced nonverbal reasoning skills.    
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Table 2. Age, SES, and nonverbal reasoning abilities (CMMS) of participants. 
  Age (in months) SES CMMS 
Group n (male) Range M (SD) Range M (SD) Range M (SD) 
CWS-Rec 22 (14) 45-66 53.82 (5.55) 4-7 5.91 (1.02) 90-132 108.95 (10.16) 
CWS-Per 18 (15) 48-68 56.72 (6.84) 4-7 5.53 (0.94) 90-122 108.18 (8.98) 
 
 
Table 3. ANOVA results of age, SES, and nonverbal reasoning abilities for CWS-Rec 
and CWS-Per. 
  Age SES CMMS 
F(1,38) 2.199 1.297 0.058 
p-value 0.146 1.262 0.810 
 
 
Language and Phonological Proficiency Measures 
A standardized testing battery evaluating language and phonological proficiency 
for each of the participants was administered at the initial study year, as part of the larger 
project.  The proficiency measures included in the current study are described below. 
 
Receptive Language 
The Test of Auditory Comprehension of Language, 3rd edition (TACL-3; 
Carrow-Woolfolk, 1999) was administered to assess receptive language.  Specifically, the 




The Structured Photographic Expressive Language Test, 3rd edition (SPELT-3; 
Dawson, Stout & Eyer, 2003) was administered to assess expressive language abilities.  
The SPELT-3 was included due to its specific testing of morphology and syntax 








The Bankson-Bernthal Test of Phonology, Consonant Inventory subtest (BBTOP-
CI; Bankson & Bernthal, 1990) was administered to assess the participants’ phonological 
and articulation abilities. 
 
Assessment of Verbal Working Memory with Speech Production Demands 
In addition to the standardized assessments of language and phonology abilities 
described above, two additional assessments were included in the current study to assess 
proficiency related to verbal working memory processes.   
 
Verbal Working Memory for Known Words 
In this study, verbal memory measures from the auditory number memory and 
auditory word memory subtests of the Test of Auditory Perceptual Skills—Revised 
(TAPS-R; Gardner, 1985) were included.  The auditory number memory subtest requires 
the child to repeat number sequences of increasing length spoken by the experimenter.  
Similarly, the auditory word memory subtest is designed to assess auditory memory and 
sequencing skills by having the child repeat a real-word sequence of increasing length, as 
spoken by the experimenter.  Performance on the TAPS-R subtests was included in the 
current study as an index of verbal memory for real words coupled with demands of overt 
speech. 
 
Phonological Working Memory for Novel Phonological Sequences 
Also included are the measures from the Dollaghan & Campbell nonword 
repetition test (NRT; Dollaghan & Campbell, 1998), which uses unfamiliar nonwords to 
assess phonological working memory.  In this test, participants are required to repeat 
nonsense words of increasing length (1 – 4 syllables), as presented via a tape recording.  
Performance on this test was included in the current study as an index of phonological 
working memory coupled with production proficiency of novel phonological sequences.  
If a child demonstrated a phonological error on the BBTOP-CI, the phoneme was not 





 Linguistic and verbal memory proficiency of the participants who persisted in 
stuttering (CWS-Per) and those who recovered (CWS-Rec) were compared.  The 
performance scores on the SPELT-3, TACL-3, BBTOP-CI, TAPS-R Auditory Number 
Memory, TAPS-R Auditory Word Memory, and NRT were analyzed utilizing ANOVAs 
to detect possible group differences (SPSS; IBM Corp, 2011).  In addition, logistic 
regression analysis (SPSS; IBM Corp, 2011) was included to determine which test results 
were significantly predictive of recovery status and which were not.  Significance values 





According to analysis of TACL-3 scores by group, CWS-Rec and CWS-Per did 
not differ in receptive language abilities.  CWS-Rec had a mean standard score of 113.09 
(SD=12.24) on the TACL-3, while the mean score for CWS-Per was 109.06 (SD=15.09), 
shown in Table 4 and Figure 1.  ANOVA results (Table 5) revealed that this difference 
was not significant, as p=0.421.  In comparing these scores to the normative mean, both 
CWS-Rec and CWS-Per demonstrated group mean receptive language abilities within 
developmental expectations.  One participant in the CWS-Per group achieved a standard 
score of 76, which is between one and two standard deviations below the normative 
mean; all other participants demonstrated abilities within the average range.  Logistic 
regression analysis indicated that TACL-3 scores did not significantly predict stuttering 
recovery or persistence, as p = 0.408 (Table 11). 
 
Table 4. Language and phonology scores by group. 
  TACL-3  SPELT-3  BBTOP-CI 
Group n Range M (SD)  Range M (SD)  Range M (SD) 
CWS-Rec 22 94-139 113.09 (12.24)  68-122 99.86 (13.90)  72-115 96.18 (13.20) 
CWS-Per 18 76-136 109.06 (15.09)  40-111 93.41 (13.12)  65-110 85.94 (13.76) 
 
  
Table 5. ANOVA results of language and phonology scores for CWS-Rec and CWS-Per. 
 TACL-3  SPELT-3 BBTOP-CI 
F(1,38) 0.662 3.510 6.887 
p-value 0.421 0.069 0.012* 






Figure 1. Linguistic and phonological proficiency scores (mean and SEM) by group.   
Expressive Language  
Expressive language abilities were also not significantly different between CWS-
Rec and CWS-Per.  The mean standard score on the SPELT-3 for the CWS-Rec was 
99.86 (SD=13.90), as compared to a mean score of 93.41 (SD=13.12) for CWS-Per 
(Table 4 and Figure 1).  According to ANOVA results shown in Table 5, group means 
were not significantly different (p=0.069), although the scores of the CWS-Per group 
tended to be below that of the CWS-Rec group.  These mean scores were within normal 
limits for both CWS-Rec and CWS-Per; however, it should be noted that 8 participants (3 
CWS-Rec and 5 CWS-Per) achieved standard scores below the average range.  Logistic 
regression analysis indicated that SPELT-3 scores were not a significant predictor of 
persistence or recovery, as p=0.066 (Table 11); however, the regression approached 





















significance, suggesting that expressive language may predict recovery status for some 
children who stutter.   
 
Phonology  
In contrast to measures of receptive and expressive language skills, CWS-Rec 
scored significantly higher than CWS-Per in measures of phonological skills.  The mean 
score on the BBTOP-CI was 96.18 (SD=13.20) for CWS-Rec, and was 85.94 (SD=13.76) 
for CWS-Per (Table 4 and Figure 1).  ANOVA results indicated that this difference in 
group means was significant (p =0.012), as shown in Table 5.  Moreover, logistic 
regression analysis suggested that the BBTOP-CI was a significant predictor of recovery 
status, with p = 0.013 as shown in Table 11.   
Importantly, of the 18 CWS-Per participants, 9 displayed delayed phonological 
skills, as represented by a score greater than 1 SD below the normative mean on the 
BBTOP-CI, whereas only 4 of 22 CWS-Rec participants exhibited delayed phonology.  
In other words, of the 13 children who demonstrated phonological abilities below the 
average range at their initial visit, 9 (69%) persisted and 4 (31%) recovered. 
 
Verbal Working Memory for Known Words 
Scores on the TAPS-R auditory number memory subtest were quite similar for 
CWS-Rec and CWS-Per.  As illustrated in Table 6 and Figure 2, the mean score for 
CWS-Rec on the auditory memory subtest was 102.64 (SD=15.28), and the mean score 
for CWS-Per was 99.29 (SD=13.83).  According to ANOVA analysis (Table 7), group 
differences were not significant.  Furthermore, logistic regression analysis indicated that 
auditory number memory was not a significant predictor of stuttering recovery or 
persistence, as p=0.577 (Table 11).   
 CWS-Rec and CWS-Per also performed similarly on the auditory word memory 
subtest of the TAPS-R.  The mean score for CWS-Rec was 90.41 (SD=6.39) and for 
CWS-Per was 88.88 (SD=8.86).  Logistic regression analysis indicated that the auditory 




 It should be noted that 3 CWS-Rec participants, ages 3;9, 3;10, and 3;11, were 
below the minimum age of 4;0 for standardized scoring of the TAPS-R auditory memory 
subtests.  Because they demonstrated abilities within the normal range for 4;0, despite 
their young age, they were retained for this analysis. 
 
Table 6. Auditory memory proficiency by group. 
   TAPS-AudNum  TAPS-AudWord 
Group n   Range M (SD)   Range M (SD) 
CWS-Rec 22   77-145 102.64 (15.28)   78-106 90.41 (6.39) 
CWS-Per 18   78-121 99.29 (13.83)   75-111 88.88 (8.86) 
 
 
Table 7. ANOVA results of auditory memory scores for CWS-Rec and CWS-Per. 
 TAPS-AudNum  TAPS-AudWord 
F(1,38) 0.641 0.298 





Figure 2. Auditory memory scores (mean and SEM) by group.  
 
Phonological Working Memory for Novel Phonological Sequences  
The Dollaghan & Campbell (1998) nonword repetition task indicated differences 
in phonological working memory abilities coupled with speech production demands for 
the CWS-Per and CWS-Rec groups.  A repeated-measures ANOVA (Table 9) indicated a 
significant group effect, F(1, 38) = 5.788, p=0.021, revealing that CWS-Per performed 
less accurately than CWS-Rec.  A significant effect of nonword length was also observed, 
F(1, 38) = 36.783, p<0.001, indicating that Percent of Phonemes Correct (PPC) decreased 
as nonword length increased, which is consistent with previous findings (Anderson, 
Wagovich & Hall, 2006; Deevy, Weil, Leonard, & Goffman, 2010; Dollaghan & 
Campbell, 1998; Hakim & Bernstein Ratner, 2004).  No significant group*nonword 
length interaction was observed, as F(1, 38) <1.  In addition, an ANOVA was performed 
Auditory Memory Proficiencies by Group



















on the overall NRT score and revealed significantly lower overall nonword repetition 
scores for CWS-Per than CWS-Rec (p=0.032, F(1, 38) = 4.935).  As illustrated in Figure 
3, the lower scores of the CWS-Per group on the Dollaghan & Campbell NRT was 
consistent across all syllable lengths, as well as the overall PPC.  Plotting individual NRT 
scores on 3- and 4-syllable nonwords revealed some separation in nonword repetition 
abilities between CWS-Rec and CWS-Per, while other scores displayed overlap between 
groups (Figure 4). 
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Table 8.  Nonword repetition scores by group. 
  NRT-1 NRT-2 NRT-3 NRT-4 NRT-Overall % 
Group n Range M (SD) Range M (SD) Range M (SD) Range M (SD) Range M (SD) 
CWS-Rec 22 58-100 85.55 (9.14) 65-100 85.45 (10.34) 43-100 77.59 (14.76) 47-94 66.27 (14.07) 60-96 75.45 (10.40) 




Table 9. Repeated measures ANOVA results of nonword repetition ability for CWS-Rec 
and CWS-Per. 
 Group Factor Nonword Length Group*Length Interaction 
F(1,38) 5.788 36.783 0.039 
p-value 0.021* 0.000** 0.845 
*=significant at the 0.05 level 
**=significant at the 0.01 level 
 
  
Table 10. ANOVA results of overall NRT performance for CWS-Rec and CWS-Per. 
 NRT-Overall % 
F(1,38) 4.935 
p-value 0.032* 
*=significant at the 0.05 level   
 
Figure 3. Nonword repetition scores (mean and SEM) by group. 
Nonword Repetition Task Performance by Group


























Nonword Repetition Task Individual Scores
3-Syllable Percent of Phonemes Correct




























Figure 4. Individual Nonword Repetition Scores 
 
  
Logistic regression analysis of the nonword repetition task, as shown in Table 11, 
revealed that 1-syllable nonword repetition was a significant predictor of recovery status 
(p=0.047).  Two-syllable nonword repetition was not predictive of recovery status, as 
p=0.101.   Three-syllable (p=0.055) and 4-syllable nonwords (p=0.053) were also not 
predictive of recovery status, though they did approach significance.  Finally, overall 




Table 11. Logistic Regression Analysis Results 
Test   Sig. 
Gender  0.165 SPELT-3  0.066 TACL-3  0.408 BBTOP-CI  0.013* TAPS-AudNum  0.415 TAPS-AudWord  0.577 NRT-1  0.047* NRT-2  0.101 NRT-3  0.055 NRT-4  0.053 NRT-Overall %   0.032* 
*= significant at the 0.05 level   
 
Correlation between Phonological and Nonword Repetition Proficiency 
Correlational analysis revealed that the current participants’ scores obtained on 
the BBTOP-CI strongly correlated with their nonword repetition accuracy for 2- and 3-
syllable nonwords, as well as overall nonword repetition accuracy for both groups.  In 
addition, the BBTOP-CI scores for CWS-Per, but not the CWS-Rec, correlated 
significantly with the 1-syllable NRT accuracy.  Based on R-squared values, the 
significant correlations accounted for approximately 32-68% of the variances in 1, 2, & 3 
syllable NRT scores. It is likely that the unaccounted variances were related to the 
different demands of the BBTOP and NRT tasks.  While both tasks tap into phonological 
proficiency, the BBTOP-CI assesses phonological skills using known words, whereas the 
NRT employs novel phonological sequences. Furthermore, the BBTOP-CI was not 
significantly correlated with the 4-syllable NRT scores, highlighting the additional 
demands, including greater phonological working memory requirements, which repetition 
of longer nonwords places on the speaker, in comparison to the BBTOP-CI.  Given these 
additional demands, it is not surprising that only a proportion of the variance is accounted 






Table 12. Correlation Analysis of Phonological and Nonword Repetition Tests 
 NRT-1 NRT-2 NRT-3 NRT-4 NRT-Overall% 
CWS-Rec 
Correlation with BBTOP-CI 0.244 0.585 0.626 0.286 0.531 
Sig. (1-tailed) 0.137 0.002** 0.001** 0.098 0.006** 
CWS-Per  
Correlation with BBTOP-CI 0.586 0.828 0.562 0.263 0.555 
Sig. (1-tailed) 0.005** 0.001** 0.008** 0.145 0.008** 
*= significant at the 0.05 level 




It should also be noted that a greater number of female participants recovered than 
persisted.  Of the 11 female participants included in this study, 8 (73%) eventually 
recovered from stuttering, while only 3 (27%) persisted.  In contrast, the ratio of recovery 
versus persistence among male participants was nearly equal; of 29 males, 14 (48%) 
recovered and 15 (52%) persisted.  These results suggest that male and female CWS may 
have differing rates of recovery, which is consistent with previous findings (Yairi and 
Ambrose, 1999).   
When considered as a predictive factor, however, logistic regression analysis 
revealed that gender was not significantly predictive of recovery status in the current 
study, as p=0.165 (Table 11).  Due to the few number of female participants who 
persisted (n=3), there was not sufficient statistical power (0.272) to detect potential 
statistical significances.  Yairi and Ambrose (1999) similarly reported an apparent 
difference in recovery rates between male and female participants, but this difference also 
did not reach statistical significance, also due to insufficient power.  Overall, results of 
the current study indicate that, while female CWS may have a higher rate of recovery 
than males, this difference is not significant enough to predict recovery or persistence 
based on gender alone.
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DISCUSSION 
Overall Aims & Summary of Findings 
The objective of this study was to investigate the potential differences between 
early linguistic proficiencies in children who stutter and the eventual course of their 
stuttering—recovery or persistence.  Results indicate that measures of consonant 
production abilities and phonological working memory for repetition of novel 
phonological sequences were predictive of eventual recovery or persistence of stuttering.  
In contrast, receptive and expressive language abilities, as well as verbal working 
memory for known words were more similar between the two groups. Findings of each 
area of linguistic proficiency are addressed below. 
 
Receptive and Expressive Language 
Performance on the TACL-3 was not predictive of eventual recovery status, as 
group mean scores were very similar.  As both CWS-Rec and CWS-Per achieved group 
scores within the normal range, these results support similar findings of Yairi, et al. 
(1996) that language comprehension abilities do not reliably predict future recovery 
status of CWS who demonstrate language comprehension abilities within normal limits. 
Although receptive language abilities did not distinguish the CWS-Per and CWS-
Rec, expressive language scores of the CWS-Per group did tend to fall slightly below 
those of the CWS-Rec and approached significance for predicting recovery or persistence 
of stuttering.  These trends differ from findings of Watkins, et al. (1999), who reported no 
differences in expressive language skills for CWS-Rec and CWS-Per (ages 2-5) when 
language samples were analyzed for number of different words, number of total words, 
and mean length of utterance.  When taken together, the results of these two studies 
suggest that the SPELT-3 may be more sensitive to specific morphosyntactic 
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skills that were not assessed by analyses of language samples.  These morphosyntactic 
abilities may be valuable in helping to predict future recovery status when considered in 
conjunction with other measures. 
Secondly, the current results differ from those of Yairi, et al. (1996), which 
identified significantly lower performance of CWS-Per on the Preschool Language Scale, 
and indicated that, near stuttering onset, CWS-Per and CWS-Rec may exhibit differences 
in morphology and syntax usage.  In evaluating these studies, it is important to note the 
ages at which participants were tested.  The current study included assessments obtained 
approximately one to two years after stuttering onset (ages 3;9-5;8), whereas Yairi, et al. 
initially assessed participants near onset (ages 2-5).  Thus, assessing expressive language 
nearer to stuttering onset may provide more valuable information regarding future 
recovery or persistence.   
While expressive language abilities alone only tended to be predictive of recovery 
status in the current study, these findings suggest that measures of morphosyntactic 
proficiency may supplement other indices of eventual recovery or persistence for some 
children.  Further investigation is needed to determine the precise relationship between 
expressive language abilities, and especially morphosyntactic proficiency, during the 
preschool years and the eventual path of a child’s stuttering. 
 
Phonology 
Reduced performance on articulation accuracy of consonants indicated that 
phonological ability in the preschool years may be an indicator of future persistence in 
stuttering.  These findings complement those of Paden, Yairi, and Ambrose (1999), who 
reported that, when tested near stuttering onset, children whose stuttering would be 
persistent demonstrated poorer phonological abilities than children who would recover 
from stuttering.  The current results are also consistent with previous evidence that 
stuttering and phonological skills may co-occur for a significant proportion of children 
who stutter (Louko, et al., 1990; Paden, et al., 1999; Yaruss, et al., 1998).  Among the 
participants in the current study who displayed concomitant delays in phonological skills 
at initial testing, a majority would persist in stuttering.  Still, a few CWS-Rec 
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demonstrated phonological skills below the average range, while half of CWS-Per 
demonstrated age appropriate phonological skills.  Therefore, while reduced phonological 
skills may contribute to predicting greater risk of developing persistent stuttering, it 
cannot serve as a sole predictor.  
 
Verbal and Phonological Working Memory + Speech Production:  Known Words vs. 
Novel Phonological Sequences 
Both groups of CWS demonstrated normal verbal working memory abilities for 
known words, as indexed by the Test of Auditory-Perceptual Skills—Revised (TAPS-R; 
Gardner, 1985) number and word memory subtests and verbal working memory was not 
predictive of eventual recovery or persistence.  The current findings in preschool children 
extend those of Carpenter and Sommers (1987), which reported no difference in verbal 
working memory between adults who do and do not stutter.  
Although differences were not observed in verbal working memory for familiar 
words, CWS-Rec and CWS-Per did exhibit differences in repetition of novel 
phonological sequences on the Dollaghan and Campbell (1998) nonword repetition task 
(NRT).  These results are consistent with those of Anderson, Wagovich, & Hall (2006), 
which observed significantly lower 2- and 3-syllable nonword repetition scores for CWS 
(ages 3-5 years) than their normally fluent peers.  In the current study, CWS-Rec and 
CWS-Per NRT proficiency was found to be predictive of recovery status, which suggests 
a possible role of phonological working memory for novel sequences in predicting 
eventual recovery or persistence in stuttering.   
Additionally, the current study found significant correlations between nonword 
repetition and articulation abilities (as measured by the BBTOP-CI) on 1-, 2-, and 3-
syllable and overall nonword repetition scores.  This is consistent with Anderson, et al. 
(2006), who reported significant correlations between scores on the Goldman-Fristoe 
Test of Articulation, 2nd edition and 3-syllable (r = 0.76), 5-syllable (r = 0.63) nonwords, 
as well as with overall nonword repetition scores (r =0.61) for CWS.  The results of the 
current study extend these findings, as Anderson, et al. did not investigate nonword 
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repetition and articulation proficiencies in the context of predicting future stuttering 
outcome. 
The results of the current study differ, however, from those reported by Chon, et 
al., which did not show differences in nonword repetition abilities in persistent and 
recovered CWS.  However, Chon, et al. studied nonword repetition in school-age 
children, whereas the current study examined nonword repetition in children 3-5 years of 
age.  The findings of these two studies may initially appear to conflict with one another, 
but it is possible that as phonological working memory abilities continue to develop 
during childhood, the initial lags in proficiency for CWS-Per may diminish over time.  
When taken together, these studies may indicate that the poorer nonword repetition 
performance of the CWS-Per exhibited in the preschool years is resolved by the time of 
assessment in later school-age years.  To date, the current study is the first to examine 
nonword repetition abilities of preschool-age CWS in relation to future stuttering 
outcome.  
Finally, it is important to note that, although verbal working memory coupled 
with speech production demands for familiar words was not predictive of eventual 
stuttering outcome, verbal working memory and speech production demands for novel 
phonological sequences was predictive.  Thus, recovery or persistence does not appear to 
be linked to a general working memory deficit.  Instead, we speculate that it is verbal 
working memory specific for novel phonological sequences that holds predictive value. 
 
Limitations 
 Although measures were taken to eliminate confounding variables, this study did 
not evaluate length of time since onset of stuttering when matching groups of participants.  
In addition, this study did not address subjects’ participation in speech therapy for 
stuttering and its relationship to recovery or persistence.  Future research may investigate 
the contribution that these factors, in addition to preschool phonological skills, may make 
in predicting recovery or persistence. 
 Since recovery from stuttering occurs at various ages, it is possible that some 
participants who are classified as CWS-Per in the current study will recover at a later date. 
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In addition, as contact with some participants was lost during later follow up periods, 
recovery data was not available for all participants through age 8-9 years.  Of the 18 
CWS-Per in this study, four participants were tracked only through the year two of the 
study. Two participants, ages 5;7 and 5;8 at their most recent visit, were last evaluated 
approximately two years after reported onset of stuttering, while another two participants 
were tracked through ages 6;0 and 6;11 (at least three years after their reported onset of 
stuttering).  It should be noted that, for a child who has been stuttering for two years, the 
remaining chance of recovery is estimated at 47%, and this chance falls to approximately 
16% after three years of stuttering (Yairi and Ambrose, 2005).  Further investigation with 
a greater pool of participants and complete longitudinal data on all participants may 
extend the current findings to provide a more accurate and comprehensive understanding 
of the relationship between stuttering and language proficiencies in early childhood. 
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CONCLUSIONS 
In total, results of this study suggest a possible role for phonological plus speech 
production abilities, including consonant production and phonological working memory 
for novel phonological sequences, as an index of eventual stuttering persistence or 
recovery. It’s important to note, however, that while group differences were apparent, 
some CWS-Per demonstrated high proficiency in nonword repetition, and some CWS-
Rec demonstrated low proficiency.  These and other individual differences in linguistic 
and phonological proficiencies among children who stutter were observed, underscoring 
the importance of considering multiple linguistic and non-linguistic factors when making 
predictions of eventual recovery or persistence.  Further research is needed to elucidate 
the specific roles of phonological working memory and consonant production in the 
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